Introduction
A mechanical system that connects the wheels of a vehicle to the main body in such a way that passengers feel minimum effects of jolts and jerks while driving on rough and uneven road surface, The suspension system greatly concern with automobile's ease, performance and safety. Among the properties of a good vehicle suspension system it must has suitable road handling ability [1] [2] [3] . For designing a suspension system, it is difficult to keep at the same time in view a high standard of ride and road handling ability under all driving circumstances [4] [5] . The difficulties shootout from the extensive range of operational conditions created by varying road situations, vehicle speed and load due to passengers increase and decrease in numbers [6] [7] .
A suspension system is basically designed to give pleasure, safety and ride comfort to passengers and driver inside the cabin of a vehicle. The complete mathematical derivations for the quarter vehicle model in state space form are simulated in MATLAB/SIMULINK [8] .The block diagram of vehicle model is shown in Fig.1 . 
II. Mathematical Model of Vehicle Suspension System
State space model of vehicle suspension system is derived as given in [9] , 
III. Methodology
Open loop response showed that the designed system was stable but the performance was not satisfactory. Different types of controllers were designed i.e. LQR (linear quadratic regulator) and observer based controller to overcome the disturbing effects and to improve the performance parameters. Further, these controllers are tested for different road profiles. Different realization techniques are used to obtain a reduced and non-fragile model. Later on, both the controllers are also compared.
Simulink Model
First the model in open loop is simulated in Simulink software as shown in Fig. 2 . 
Realization techniques
In order to obtain a reduced and non-fragile optimal controller different realization techniques are used. Minimal realization (The realization is known as "minimal" as it defines the system with least number of states) Balanced realization, Modal realization and Observer based canonical realization are the other different techniques used to obtained a reduced and non-fragile model.
IV. Results and Conclusion
This thesis work is carried out on considering a quarter wheel model of a Vehicle suspension system. The mathematical derivations are done in state space form. For simulation MATLAB/SIMULINK software is used. Several road disturbances are being injected to the system. The open loop response in MATLAB shows oscillations, large overshoot and required large settling time to damp. Different controllers/compensators are designed to obtain the desired response. LQR controller improved the performance of the system. The results obtained are satisfactory. Then observer based controller is designed. After adding the observer gain to observer based controller the performance of the system is improved significantly as compared to LQR. Different realization techniques are then used, by applying these techniques the controllers action is made more efficient and the system is made highly stable and non-fragile. Thus the open loop response is very uncomfortable for the passengers.
Open Loop response

LQR Controller response
Fig 7: LQR Controller Response
The closed loop response showed in Table II . Thus the LQR Controller gives a better response and settled the oscillations in the vehicle body quickly.
Observer based controller Response
Fig. 8: observer based Controller Response
The closed loop response showed in Table III . Thus the Observer Based Controller gives a better response and damped the oscillations more quickly.
Minimal Realization
For LQR controller no state has been reduced, the controlled response has six states and after minimal realization the states remain the same. Difference between the LQR controller and minimal realization response is plotted as shown in Table IV . This table shows that minimal realization gives the least error to controller which represents the most optimal and most non-fragile optimal controller technique. For different input disturbances the Observer based controller shows better response. The Observer based controller settles the oscillations more quickly, reducing the oscillation and overshoot. The designed Observer based controller provides better handling ability for wide range of disturbances and provides better ride comfort for passengers. Hence it is very clear from results that the observer based controller shows better response as compared to LQR controller.
